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Cyanide is easily recognizable as an inhibitor and metabolic uncoupler in biological systems. 38
Most notably, the binding of cyanide to the mitochondrial cytochrome c oxidase blocks 39 electron flow, impairing ATP production. Cyanide is also an inhibitor of electron carriers 40 such as plastocyanin and a number of metalloenzymes, including superoxide dismutase, 41 peroxidase, catalase, and Rubisco (Solomonson, 1981) . Despite its inhibitory action at 42 higher concentrations, cyanide at lower concentrations acts as an endogenous regulatory and 43 signalling molecule in plants, influencing several processes associated with growth and 44 development including plant resistance to viral attack (Grossmann, 1996) , ethylene synthesis 45 (Smith & Arteca, 2000) , seed dormancy, and seed germination (Esashi et al., 1996, 46 Hasegawa et al., 1995b, Maruyama et al., 1996 , Oracz et al., 2008 . Cyanide has also been 47 cyanide concentration and as influenced by the presence or absence of other nitrogen sources. 106
These species were used because the -cyanoalanine pathway is active in both of these 107 important crops (Goudey, Tittle The more recent literature cited above has drawn attention to the regulatory and signalling 118 role that endogenous cyanide plays in planta as well as the role in amino acid metabolism. 119
The potential links between naturally-occurring exogenous cyanide and plant nitrogen 120 metabolism have however been largely overlooked. nitrogen concentrations ranging from 1.7 -2.5% and 1.5 -2.0%, respectively, while shoot 261 concentrations ranged from 4.6 -6.0% and 4.6 -5.0%, respectively. Compared to sorghum 262 there was a greater overall enrichment in wheat tissues for both nitrogen regimes (Figures 2-263 3). However, when looking within a species across the range of cyanide concentrations used, 264
and for the nitrogen-free treatment, significant enrichments in sorghum shoots were observed 265 in the nitrogen-free nutrient solution when solution cyanide concentrations were as low as 50 266
M, yet no significant differences were evident in wheat until 200 M and then only in the 267 root. 268
269
In the experiment to examine the simultaneous uptake of 13 C and 15 N from cyanide, the 270 sorghum exposed to K shoots at either concentration of ammonium ( Figure 5C ). In roots, however, there was a 299 positive albeit not statistically significant increase in 15 N enrichment from the labeled 300 ammonium as the cyanide concentration increased ( Figure 5D ). There was again no 301 significant difference in total nitrogen content of roots or shoots across the 15 N-ammonium 302 and cyanide treatments. The range of nitrogen concentrations was nearly the same as that 303 reported above (roots 2.7 to 3.1%; shoots 5.7 to 6.1%). This interaction was clearly not competitively reciprocal because increasing solution cyanide 373 did not have a negative effect on enrichment from 15 NH4 + , rather cyanide had a somewhat 374 positive effect on enrichment ( Figure 5D ). Given the pH of the nutrient solution, ammonium 375 would be the only species of ammonia/ammonium present. Transport of ammonium is 376 mediated by high-and low-affinity membrane carriers and can be thermodynamically active 377 or passive, respectively, depending upon factors such as the external ammonium 378 concentration while uptake is being examined, the supply of ammonium during the growth 379 period preceding the uptake experiment, and the cytosolic ammonium concentration (Glass et 
